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¥RL Project G2R05-19B Tachnleal Mexo No, 233

ULERASONIC JHSFTION OF TUNGSTEN ROV £0RTY BIVLLETS, PHASE IIX

!

ais Leboratwy hes completed Phase ITIT of the Pungsten Billet Hound Robin,
This is & relngrection, afier silver infiltrabion, of the Fhase I blllels AG2ZI0
and AGZ2%L (pww ounbored AG2230A snd AGR2¥AAY,

This report covers the following subjechs:

b Dooersed and contact inspection ab rermel incldence; chowd shob
{ehear vave) lumersed only,

2, Longltudinal velocity of sound messurements uwsing contact Buwe
ray technlque,

3. Effect of grain size on transducer frequency,

L, A preferred lnspecilon procedure whilising automstic compensation
of gain for defect depth,

1, Wtrasondce Resulits of Defects foted,

A1) results reported btelow were obtained using the lmmersion method ab &
frequency of 5 me, The hraunsducer used wus & 0.5 inch dismeter Branson "Z
{timed) with a water path of ¥ inches, The equipment used wes the Immerscope
with provision for subomatic scanning and recording., The Immerscope sensitivity
wes edjusted using the AGC silver infiltrated reference standord, the refevence
heles put in the billets, and the IRL reference stapdsrd made by Firth Sterling,
The sensitivity contol was adjusted for 100% (Full Scale} reflected sigasl
amplitude from the #3 £lat bottom hole (FBH), The recorder firing level wms
sdjusted o record a signal arplitude of 50% of Tull scale and greater which
appesred in thegate, Ybe eguipment sensitivity end recorder £iving level were
vechecked alber cach tect to insure identical inspection corditions, 'he
Bensitivity Time Contwrol {STC) wes used For all inspections, This is explained
in deteil in Sectlon %.

(A} Billet £r¢ 22304
Hormal Incidence - Inmersed

In crder to elduloat: the necessiiy of continuous moniioring of the oquipment
to detegmine defect depth, the gating and reccrding civewlt were edjusted in incres
nents of one inch. /s c¢aa be seen in Figure 1, much e was saved gince tho
zajority of the "delects" appeared at a depth of b %o § 4aches,

Taz billet was also dnspected bothom up. The only defects found were &b a
depth of 3.5 to 5 inches from the bottom, Figure 2 is a recording of the various
defect arcas., Aa laleresting featurc of the best rosults is the amoumt of "edge
effect” which iz very obvious in Figwres 1 and 2. This is due %o a slight machined
bevel uhich wes on both the fnner and cuber dismoters of both ends of the billet,
Actually, we did uwse the electrliclan’s tape tecimlque which we described in the
Phese I Report™ but the beval intrcduced some edditionsl edge effect,

1 NRY, Technical iemo #21%



Shearr Wave (Chord Shot) » Yumersed

A ahear wave chord shot of the untapered portion of the cyiindrical secitlon
was made in both a clgck‘\:r.trm and countemclockwige direction. Toe sngle of
incidence used was 20° giving & shear wave of 34~ into the biliet. Tids was
based on the measured sheor wava velocity of 0,098 in/nsse of past silvers
infiitrated semples of equivelant density by the same manufacturer.

Redisl Shot ~ Immersed

A redial inspection wes performed on the untapered section of the billet,
No defects other than the drilled holes wexe found. No abttenph vas made €o
inspect the tapared sectionr of the billet either vedially o by chord shotb,
siuce this would Involve s very compliceted aund lengily inepeciion procedure.

Normal Incidence - Contact

Contact testing et normeal incidence only wes employed %o sge if the auboe
meted ingpection data couid be correlated, Correlation wea obbtalned bat with
the same difficuliles reported in owr Phase I rapors,

(B} Billet AT 22314
Normal Incidence = Dimersed

This billet was inspected in a manner siwllar Lo that of AG 2230A, Nemely,s
tep up and botiom up. Figwres 3 and 4 show the actual inspection results. To
save time, the flaw gote ves eet to recard all defects of sufficlent amplitude
frow a depth of 0.5 inches to 5.0 inches, wather than in depth intrements of
one inch, In addition, binder head screws were taped arcund the circunference
of the billet st 307 increments to obiain a more securate locsibion of "defective”
sress, These cen be seem in Pigures 3 and 4 as circular outlisnes. This is a
mich more sccurate means of flaw location on round billets. I omne had 2 number
of these biliets to inspect, a hinged prefabricated plasitic mppliance could be
mede 4o £it around the circumference of the billet., Tols would not cnly facili-
tate flaw location, but 1t would also help reduce “edge effect”,

Shear Wave (Chord Shot) - Immersed

In the Phese I rveport, we reported two cracks located at approximstely 0°
and 180°, Apparently, the O° reference hes besn changed, because now the two
cracks were found at approximetely 90° and 270°. In addition Yo the two cracks,
there ware two distinct bands of "crud” located spproximetely cne inch and four
inches doun from the top swrface., The term "crud” ic used because we can't
clageify the observed oscilloscops indicetions as discrate "defecis’. The indie
cations are multiple, in noture and of varying euplitudes. They appecxr at the
sane Septh each tims as layers of many small defects., The indicabious are similsr
to those obtained from smali multiple inclusions, porous oreas, varisble grain
size, ar varieble density sreas, Very seldom is even one of the lndividuel indy~
cations equivalent to e 3 FBH,



Neemeld, Ineldence - Contact

Contach tenting of this billet correlsalted the date we obisined using the
inmevsion method, The dwo "bapds” coold also be detacted,

{¢} Vlbkrasenic Resulis: Datochs Nobed

BILLET ANCIE OF IHCIDEWGE DESECT LOCATION
DEFM RADIUS AUGLE 1T
{4n inches fram  {in ineches) DREGREES
top surdace)
AG223%08 Newmal L.75 2.5 mg
! 3\’!6 n5 150
2:5 3.25 3%
20" Choud 6.0 35 168
Hoemal, Defect aress Gee numsrous to tabulate,

Refer to Figures L and 2

222314 Kexaal Defach areas oo numerous o tabulate.
Refer to Figures 3 end 4,

20 Chord 2 cracks at approximetely S0° and 270°
exbending radlally fros 1.0, ia varying
amownts, Also extending amially from top
o botiom surface,

20° Chord Bund of "erud" varying in width from 0.5
loches to 1,5 inches, 1 inch down firom the
tp surfece. In addlvion, vhere were mapy
snall arems too nusercus to tebulste,

{D) Discussion of Inspection Resulie

Tre only defects which we found eguivelent to or greater than a #5 FRH were
the Yo cradhis dn MG2231A, Defects in AG22320A actuelly found 4o be egquivalent $o
& #3 FEI wave located ab 10, 150, 165, 180, 210, 220, and 200 degrees, These ware
fourd rhooting et nowml incidenee, top up. (Figwre 1), ALl other defects were
emallsy in amplitude bub lerge enough wo record.

Several photographe of the observed oseillograms were taken to elarify state-
ments made In this repord, Keep in mdnd thet the Tmmerscope sensitivity was set
to obteln 100% sigral amplitude from a #3 FBY, bub the reccding level wes set to
record ab & 50% emplitude level. This is necess in omder %o obtsin recordings
of margingl defects, Figure 5 shows en sree ab 15Y in AG2230M, Two distinct
defocts can be seen a% depths of 3.6 and 4.8 inches, Since both defects ore less
then 50% amplitude, nelther wowld be recovded, Now refer o Figure 6 » on the
sams scan ab an angle of 10°, one defect in increasing in smplitude as the other




in decreesing., The laocyyen wiplaentz sisped I3 oo pelarivyg, 09 o0 ladetiog
incrassat of 0,050 Jrolas o Less dn wsad  the dofred vl Asioly caor on he
veecpding, but L€ Lavgesre frdoddng dewoashbs aee et B conldd e oaslly mased.
A good "rule of aadh" dn Vel Yhe erslileot By oo z feseviol, should
v recorded on a mirdmmr. (o tiree seccersive fodex 3o zrhi,

Since the word "wed  Jpnot very sclunbific,
defina 16, o Mlogram of en rrca dn AGS
dng amplitude 2nd baseling usise,

s 7w poepdindy help
304 e b 210%, Hots boe varye

Pigure 8 shows o resl nice "defeck” In 22204 ot 1WY at e aspth of 3.5
Inches, It is really an acoidentel "pooby taep” walah own theow cn dnspsebor
beblnd schedule, This wes si edy bubble oo tea GL of €z pLllas, Ooly & very
anall sectlon of the 0.5 inch lrangducer was boyond e afze oF the Willebt, By
the vy, 16 woe equivalont 4o 8 5 ¥BH,

2, longitudinel Velooity of Sound Mesoursmentsz

The longitedinal valockty of the 804 RBefersnce Siwnised, and 4the Wio billehs
was measured wusing the conbact Huversy mabhcd ¥ € (reguency of 5 me. Yhers woes
wo motdassbls change in veloelly u 3;5;5;0 Totasor of each Willes, Te follow-
ing veloolty velues were obtedned. The messvrermt sucorecy 15 bohbar than 14,

Material

A Refersace Standred
1022304
FG2231A

Thepaese I radiographic reswlis weporbed by ML, HAD. DL, ond HOL indic
coted what the two billets cowbalned arces of low Sonsdiy We hove besn waeble
w0 daberning denslty variaticas fu = ihoe the vponfilipeedsd oo G inis-ated
coréiltioe by longitulinel welocity mesevramsris. Tuds vardfies Apna.dir IE of
the Yanca 4 Bepord. IV also shoum vhe ased for rediogurply, IF verd&ile donsity
is cause Dor rejecting.

30 fEradn Size Detawdlwation

Txie Taboratory J3d not stlempb wo make 8 grdn olic deterzinaion on Ly of
#he biilets used in e Round Robln. We do pod e thul thcse billols are ispre-

sentetive of curpent meavfacturer's proiuction cagabilituca,

iwcoin sized is Jeterwined by mezsuring the ultresoroy stbeouction at varioo
frequeacies in the range of 1 me o 2% ue, The regnlbond neaswrcronbs are of
Libtle weline naless n set of refescuc: stendexds ere avallsble for comparison. Sinc:
ke ehiomaetion vould be affeehzd Ly gorosity, Lidupiony voindilieoted aress,
Bilyce-rich areas, surfsce finleh, as ¥ell ap geadn sizo, there would bz no nondisee
Trustive mathed of verdfying dhe uwliracaic resulis.

25 8 Mowgan, "Yiteasonic Testing Stondards fopr Sacel Broducts ', Hondsstruchive
Pepbing, 20, #3, 157, {(1562)
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iacipt. It bes o ofeilnr cizewrt vhich iv cuiled “frse Uosvicted Gain’ (3063),

v e effect of mlzmmath lergih on sepeiiivily wsenn 00T uas anvestie
gaied G fovad thet valess a comstant waley path 2o madvundred while edjusting
e ool and also during the dnspection, thépedhed i- umelid. i can be
som v eoppering Fimwe 12 with Fioumez 9, erd Flgure 15 -abh Figure 10, by
g oesen, the nfiltealed ACC weilovence sfepdacd i poo derciyabld fov Irmmzyuiau
caselon vub woald be sdequate Por condact wollaz e relcumwosd o steppedieference
sb-nduwrd & wlde oy 9 long wAth esch s¥ap belng 3% Y oo baving o Jepdh of
1, 3.5 el 8,5 inches raspaebively. The {15t botuon koles shcwldd be Apdlled §.5
Lasiis dwg oo the vaderside of cacl shep; euel siap Lo coutaln a3, 49 and #6
Féa 44k 1 iraen gpacings botwees holes aligeod coroms oo 'mdib of the block.

Sen Tapevr 160 WIth mis type ol referenen slovdard, the trorodoons b top swre
Caor yurranee roiild be comstant, Tids vae and oo for the S0 rofecerce stoadard.,

g, ‘The advasiaens of gelpg 8P can rendily be xeon ks o compavison of
Promecs s and 15 o nvde.,  Toe fgwre 1t czeillopram shovs g corios of defocts
af o depts of L o 2 inches o the AGC referonce stuxdeard Jken wo bad edjueted,
o coudament for 1005 veflected sipal amplibede ot tho 3 THH, 5 lackes ¥rom
the top swefacz,  Tue Flgwee 15 oscillogrs wes lekeo wiill the IUEY In the
elaen it Hanbeg wbhat the "defects’ uidel an Fiowes hoaproenred to be voudvalent
(7 2% an leveey exdob.
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We carried owr btests on2 step furither to vsceriodn relieobility and repesie
ability of this method, We found that esch of us could sel wp the "ST" indepen~
dently and obieln the seme dial seltings, Alasc, thah the Duvsrscope galn was
gtable enough to merely reset the equipment dizls to the setbings we obiained
feon the Inltiel adjustment. We chedked this ropesitgnility agelnst the reference
pbandard several $imes each dsy for a pericd of five days wiith no nobticesble
change in &lal sehtings.

d. &ince chopd shote (onear wave) vre necesssry in this program, 1t would
t2 desiresble %o have a refersace stsuderd for this periiculay inspesction, Throvghs
sut this round robin progrem, we have besn wable to really Jjustify the equipment
gein sebiing we used for the chord shobs, becsuse the drilled holes were never in
the seme locaiion for each bhilleb. For this zeason we are not certain whether e
have toen over-inspectlng or vader~inspecting.

Also, we found thet, vhen inspecting exially &t normel incidence, ithe hilled
should be inspected with both “top up” and"botden wp'. DYefects were found which

fron ope exdal dirvection wove much smeller then a #3 FBH, This was with ST¢, It
may indlente that defects have o different shape se wieswved from top end bobbom,

Sunmexy

1. We zve shle o detect defects scmavhat smaller than the eres of o #3 IFRY ab
& dopth of 6 inches in silver infiliwreted imgsten,

2. HNo significent change In sownd velcelly wms chserved.

3. Grain size determivetion by sn witrasoniec atiesustion messveenent in large
billets is posaible bub too many other veriobles cen effect the data obbained,

k. tdequete reference standards ere required,

5, Automehbic compensation of galn for defect depth in ilmmersion Inspechion sysienm
is supevior to any other wlimasonic method.
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Iig 5 ~ Defects in AG2230A at
15° at depth of 3,6" and 4,8"

Fig 6 - Same defects as above
but at 10°



Fig 7 - Area in AG2230A et 210°

Pig 8 - Air bubble at 140° on
AG2230A



Fig 9 - #3 FBH 1" down in Al,
L" water path, - using Immer-
scope "STC"

Fig 10 - #3 FBH 3" down in Al,
4" water path,- using Immer-
scope "STC"

Fig 11 - #3 FBH 6" down in AL, Lo
water path - using Immerscope"STC'




Fig 12 - #3 FBH 1" down in AL,
9" water path, using Immerscope
HS'IC"

Fig 13 - #3 FBH 3" dowmn in AL, 7"
water path, using Immerscope 'STC"




Fig 1b - 3*3 FBU 5" down in AGC
Reference Standard, Immerscope
with no "SIC"

Fig 15 - i3 FBH 5" Gown in AGC
Reference Standard, Immerscope
with "STC"
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